revision (p < 0.001) than hybrid fixation, with a hazard ratio of 1.575 (95% confidence interval, 1.389 to 1.786). We found a similar, if lesser, effect in the intermediate age group of sixty-five to seventy-four years (hazard ratio, 1.16 [95% confidence interval, 1.023 to 1.315]; p = 0.021) and in the younger age group of forty-five to sixty-four years (hazard ratio, 1.205 [95% confidence interval, 1.008 to 1.442]; p = 0.041). There were no significant differences between hybrid and cemented bearings across age groups.
Conclusions:
We conclude that cementless fixation should be avoided in older patients (those seventy-five years of age or older), although this evidence is less strong in patients of intermediate and younger ages. F ixation in total hip replacement remains a controversial topic, despite the high level of its success. Cemented fixation was developed at the beginning of the arthroplasty experience in the late 1960s and remained the first choice in many countries, although in other countries it has been gradually replaced by uncemented or hybrid solutions. These alternative solutions have been developed mainly to overcome problems related to cement aging, microfractures, and late loosening occurring in long-lasting implants, when young or middle-aged patients are treated.
Data obtained from major orthopaedic registries indicate that there are large differences among countries for the preferred fixation. In Table I , data obtained from the last English-translated public report of major worldwide registries are presented. Data do not consider the age of patients, which represents one variable of major importance in the decision on the mode of fixation.
According to those registries, the trend in the choice of fixation generally indicates a decrease of totally cemented total hip replacements in all registries except that of New Zealand and an increase of reverse hybrid fixation in the registries of Sweden, Norway, and Denmark.
A survival analysis of different types of fixation gives controversial results, and comparisons among registry data are often difficult, as no standard exists on the presentation of Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of an aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. In addition, no author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. 1 . Age groups, for example, are not comparable, which makes conclusions difficult and inconsistent.
To overcome the problem, an innovative approach was set up, aimed at merging results obtained worldwide by six registries: the Australian Orthopaedic Association National Joint Replacement Registry, the Catalan Arthroplasty Register, the EmiliaRomagna Joint Registry R.I.P.O. (Registro dell'implantologia Protesica Ortopedica [Register of the Orthopaedic Prosthetic Implants]), the HealthEast Joint Replacement Registry, the Kaiser Permanente Total Joint Replacement Registry, and the Norwegian Arthroplasty Register 2 . Survival analyses of total hip arthroplasty using different fixation methods (cemented, uncemented, and hybrid) were investigated in relation to age.
Materials and Methods
The Population Under Study T he above-mentioned registries shared their data. The present study included only patients with osteoarthritis undergoing hip surgery from 2001 to 2010, with implants using any one of five bearing surfaces: ceramic on ceramic, ceramic on conventional polyethylene, ceramic on highly cross-linked polyethylene, metal on highly cross-linked polyethylene, and metal on conventional polyethylene.
The exclusion criteria were inverse hybrid fixation (uncemented cup and cemented stem), as this is not a common practice in five of the six registries; cemented ceramic-on-ceramic bearings, as this is not a common practice and the potential sample was very small; and metal-on-metal implants because of possible bias introduced by this controversial articulation.
The end point is represented by the first revision of at least one component, for any reason. Reoperation with no component exchange was not an end point in the present study.
Statistical Analyses
SAS programs (SAS Institute, Cary, North Carolina) were developed at the coordinating center and were tested by participating registries to reduce barriers to participation (e.g., security, proprietary, legal, and privacy) relative to a centralized data warehouse approach 3 . Each registry applied the program to their database and then shared aggregate-level data, Cox regression results, and survival probabilities with the International Consortium of Orthopaedic Registries (ICOR) Coordinating Center for statistical analysis.
In this way, a distributed health data network was developed, creating a decentralized model that allows secure storage and analysis of data from different registries 4 .
A multivariate meta-analysis was performed using linear mixed models, with the survival probability as the unit of analysis 5 . The models estimate the residual covariances using the precise method reported before 6 and implement a transformation 7, 8 to ensure that the models can be fit with existing software (SAS 9.2). The model is adjusted for bearing surface, head size (<32 mm and ‡32 mm), and sex. Two different models of analysis were applied, the details of which are presented in the Appendix. The first model treats registry as a set of fixed effects and the second model treats registry as a random effect. Although the random-effects model offers some inferential advantage for combining studies 9, 10 , with few observational data or registries, the estimated between-registry variation in the random-effects model can be quite inaccurate. Further, the absence of randomization for bearing or head-size groups could lead to confounding due to registry-level effects, which is not addressed by the random-effects model but is addressed by the fixed-effects model 11, 12 . Therefore, preference would be given to interpretation of the fixed-effects model, particularly if the parameter estimates are substantially different in the fixed-effects model compared with the random-effects model. Hence, we present the results of the fixed-effects model in Table II and include the results of the random-effects model in the Appendix. Both models come to the same conclusions. 43
Data set of analysis. The age group of forty-five to sixty-four years included 65,944 implants; the age group of sixty-five to seventy-four years included 87,959 implants, and the age group of seventy-five years or more included 85,539 implants. Globally, there are 126,148 uncemented implants, 60,502 hybrid implants, and 52,792 cemented implants. KP = Kaiser Permanente, E-R = Emilia-Romagna region, HE = HealthEast, and C = Catalan region. Model-predicted survival of uncemented, hybrid, and cemented hip replacements by age group.
The predicted survival is a graphic representation of the fixed-effects model and not a survival curve.
The x-axis values of 0 to 10 correspond to the interval years zero to one year to more than nine years to ten years. Confidence intervals are based on a normal distribution.
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Results

T
he study includes 239,442 patients from across six registries, 59% of whom are female. Patients were classified into three age groups (forty-five to sixty-four years, sixty-five to seventyfour years, and seventy-five years or older), according to biological and physiological criteria. The distribution of the variable fixation among the three age groups and registries is presented in Figure 1 . A complete description of the sample size by age, fixation, sex, bearing surface, head size, and registry is available in Table III .
The final survival model included the effects of age by fixation, sex, bearing surface, head size, time (in one-year intervals), and fixed registry effects (Table II) .
For patients seventy-five years of age and older, uncemented fixation had a significantly higher risk of revision (p < 0.001) than hybrid fixation, with a hazard ratio of 1.575 (95% confidence interval [95% CI], 1.389 to 1.786). We also saw a similar, if lesser, effect in the intermediate age group of sixty-five to seventy-four years (hazard ratio, 1.16 [95% CI, 1.023 to 1.315]; p = 0.021) and in the younger age group of forty-five to sixty-four years (hazard ratio, 1.205 [95% CI, 1.008 to 1.442]; p = 0.041). There were no significant differences between hybrid and cemented bearings across age groups.
Female patients had a significantly lower risk of revision than male patients (p < 0.001). 
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The fixed-effects model results are shown in Table II , and the estimated survival function is shown in Figure 2 .
Discussion W e found an inferior result for uncemented total hip replacements compared with hybrids and cemented total hip replacements, especially in the older age group. In the other two groups, a similar result was obtained, but with lower statistical evidence.
The theme of fixation of total hip replacement is still debated because of the different approaches and practices of orthopaedic surgeons in different countries. In a report based on data from the Nordic Arthroplasty Register Association (NARA) of results on 347,899 implants from the period 1995 to 2011 performed in Sweden, Norway, Denmark, and Finland, Mäkelä et al. 13 concluded that, when adjusted for age, sex, and diagnosis, the survival of cemented implants for total hip replacement was higher than that of uncemented implants in patients sixty-five years of age or older.
Similar results were obtained by Troelsen et al., who analyzed results extracted from the annual reports of seven national hip registries and verified that cemented fixation in patients older than seventy-five years results in the lowest risk of revision 14 . The difference between the age groups in the two papers 13, 14 is not marginal, because it is in the age range of sixty-five years to seventy-five years that the largest number of interventions occurs.
Different results were obtained in a randomized trial by Corten et al., who observed that a Kaplan-Meier survivorship analysis at twenty years revealed lower survival rates of cemented total hip replacements compared with uncemented total hip replacements 15 . Single registries provide different results. In Australia, after adjustment for age and sex, and excluding larger head sizes, uncemented implants had a lower risk for revision than cemented implants when used to treat osteoarthrosis, but the difference was not significant. The Australian registry also had similar findings with no age stratification for all single age groups up to seventy-four years. Patients seventy-five years of age or older benefitted from cemented or hybrid fixation 16 . On the contrary, registries of countries where cement is largely used in implants, such as Norway and Sweden, have reached different conclusions. Hailer et al. 17 analyzed data on 170,413 implants for patients treated in Sweden from 1992 to 2007 and concluded that the survival of uncemented total hip replacements at ten years of follow-up is lower than that of cemented total hip replacements, and no age or diagnosis groups benefited from the use of uncemented fixation. In the Swedish experience, the reason for this is mainly attributed to the poor performance of uncemented cups.
The conclusions related to this fixation topic are of prominent interest not only for the safety of patients, but also for economics, as pointed out by many authors [18] [19] [20] . Some authors have concluded that the most cost-effective prostheses are hybrid prostheses in patients older than eighty-three years of age and cementless prostheses in patients younger than fortythree years of age. In the intermediate ages, there is a favorable situation for uncemented implants of a variable degree 18 . Other authors have concluded that cemented prostheses were the least costly type for total hip replacement; however, for most patient groups, hybrid prostheses were the most cost-effective, and uncemented prostheses did not provide sufficient improvement in health outcomes to justify their additional costs 19 .
Strengths and Limitations
The important strengths of our study included the largest multinational prospective registry cohort based on six registries situated in three continents, reflecting treatments on patients who are anthropologically different, using prosthetic devices that are only partially overlapping.
The limitations included the lack of knowledge on causes of failure of implants. Further, the data did not allow studying differences between brands of prostheses and cements, so it was not possible to identify outliers.
In conclusion, data obtained in the present analysis indicate that uncemented fixation should be avoided in older patients (seventy-five years of age or older), although this evidence is less strong in patients of the intermediate and youngest age groups.
Appendix-Details of the Model Fitting
F or the models examining the effects of age and fixation on the time to revision, we examined the sensitivity of the results to outlier observations (all data and removing observations with standard errors of >0.05, >0.025, or >0.0125), and we determined that removing observations with a standard error of >0.025 would sufficiently limit the inaccuracies arising from observations providing unreliable information. The fixed-effects model was based on the random-effects model selected. We began with a model that includes fixed effects for intercept, sex, age, fixation, bearing surface, and time and registry-level random effects for intercept and residual variance fixed at 1. For the random-effects model, time was based on one-year intervals from zero to one year through nine to ten years. Likelihood ratio tests revealed that the interaction between age and fixation significantly improved (p < 0.001) the model fit (x 2 (4) = 25.4826), and it was included in all subsequent models. In our final model, there was no evidence of improved fit (p = 1.0) when including age or fixation interactions with bearing surface or head size, sex, or time (x 2 (120) = 34.4117). The results of the random-effects model are presented in Table IV . n
